JCMT submillimetre continuum observations at 450 and 800 f.J..m are presented for 10 dense cores in Bok globules, and observations at 350 and 1100 f.J..m are presented for three of the cores. The data are combined withlRASdataat 12-100 f.J..m and IRAM data at 1.3 mm, and the spectral energy distributions of the cores are compiled. The mean temperature of the cold dust in the cores is estimated from greybody fits to be Td = 23 ± 3 K. Typical gas masses of cores that are forming single or binary stars are -0.2-2.5 M 0 . Cores that are forming clusters have higher masses, in the range -3-35 M0 . The beam-averaged hydrogen column and volume densities are all derived to be in the ranges _10 22 _10 23 cm -2 and -10 5 -1 0 6 cm-3 respectively. We confinn that CB 244 VLA 1 is a Class 0 protostar, and hypothesize that CB 17 is a pre-stellar core.
INTRODUCTION
The study of low-mass star formation is observationally more straightforward in small, relatively isolated regions, which are free from the complicating effects of large numbers of newly formed stars, with their associated mass loss, which abound in regions such as Orion and Ophiuchus. Small, isolated molecular clouds are usually referred to as Bok globules, after their significance in the star formation process was first recognized by Bok and co-workers (e.g. Bok & Reilly 1947) . However, catalogues of dark nebulae identified by eye from optic8.l surveys (e.g. Lynds 1962) tend preferentially to select larger regions of nebulosity. To attempt to correct for this bias, a catalogue of small (~1O arcmin), dark nebulae identified on the POSS plates was compiled by Clemens & Barvainis (1988, hereafter CB) .
The CB catalogue contains 248 clouds located north of -30°, of which roughly one-third were previously unknown, with the largest fraction of new clouds being found on the smallest sizescales (-1-2 arcmin). Clemens, Yun & Heyer (1991) detected 244 of the globules in the CO (J = 2 -+ 1) transition, confirming that the globules are all small molecular clouds. CB listed all of the known lRAS Point Source Catalog (PSC) associations with the globules. Many of the globules have been shown to have infrared colours consistent with embedded Class I sources (Yun & Clemens 1994a) , and some contain radio sources with no infrared counterparts (Yun et al. 1996) , which is the predicted signature of embedded Class 0 protostars (Andre, Ward-Thompson & Barsony 1993) . Furthermore, a number of the globules have outflows (Yun & Clemens 1994b) , which is also a sign of star formation.
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We have previously carried out a 1.3-mm survey of 59 of the CB clouds (Launhardt & Henning 1994 and detected 21 of them. The millimetre properties of the detected globules showed that they are typical of molecular cloud cores with embedded low-mass young stellar objects (YSOs) and protostars.1n this paper we outline the results of a submillimetre survey of 10 of the CB globules which we detected at 1.3 mm.
OBSERVATIONS AND RESULTS
Submillimetre continuum observations at 350, 450, 800 and 1100!-Lm were carried out at the James Clerk Maxwell Telescope (JCMT), on Mauna Kea, Hawaii, during the evenings of 1993 December 29-30 at 17:30-01:30 HST (UT = 03: 30-11:30) , and during the evenings of 1995 January 9-10 at 17:30-01:30 HST (UT=03:30-11:30). The detector used was the common-user receiver UKTI4, which contains a single-element, 3He-cooled Ge:In:Sb bolometer, and a series of filters matched to the atmospheric transmission windows (Duncan et al. 1990 ). The observations were carried out while using the secondary mirror to chop in azimuth at around 7 Hz and synchronously to detect the signal, thus rejecting 'sky' emission. The positions observed are listed in Table 1 , and were taken from the lRAS PSC, with the exception of CB 3 and 17. For these objects we used the peak positions derived from 1.3-mm continuum maps (Launhardt et al., in preparation) .
Calibration was performed using the secondary calibrators NGC 7538 IRS1, CRL618 and OH231.8 (Sandell 1994) , which were measured in all wavebands at least once per hour. The planets were not favourably placed during either observing run, but during the second run the planet Mars was measured at the end of each shift as a primary calibrator Orton 1993) to help 'anchor' the calibration. The atmospheric opacity T at 225 GHz was monitored by the Caltech Submillimeter Observatory radiometer. During the first run it varied in the range 0.06-0.09, and during the second run was seen to vary in the range 0.04-0.06. The former corresponds to a typical 450-!Lm transmission efficiency at zenith of ::530 per cent, while the latter corresponds to -30-40 per cent. Using the 225-GHz opacity data and the monitoring of calibration sources of known intensity, values were obtained for the atmospheric opacity and detector sensitivity at each wavelength. These were found to be in good agreement with the typical values (Stevens & Robson 1994) , and a fully self-consistent calibration was obtained. Altogether we estimate our total calibration uncertainty to be ::!::20 per cent at 800 and 1100 !Lm, and ::!::30 per cent at 450 and 350 !Lm. Pointing and focus checks were performed typically once per hour. The focus was found to be very stable throughout the observations, and the pointing was observed to be accurate to typically 2-3 arcsec. Photometry was carried out using a chop throw of 60 arcsec and the' 65-mm aperture setting of the bolometer, yielding apertures on the sky of 18.5 arcsec at 1100 !Lm, 16.5 arcsec at 800 !Lm, 18.5 arcsec at 450 !Lm, and 19.5 arcsec at 350!Lm.
This mode was used to make five-point maps of the sources around the given (0, 0) positions, to search for the submillimetre continuum peak of each source. In addition a small point-by-point map of the source CB 243 was made at 800 !Lm, on a 10 x 10 arcsec 2 grid spacing, thus creating a marginally under-sampled map. Data reduction was carried out using the JCMTDR software in the manner described by Meyerdierks & Ward-Thompson (1995) . The fivepoint maps are all too small to discern anything of the structure of the sources, but the more extended map of CB 243 at 8oo!Lm is shown in Fig. 1 as an isophotal contour map. The source appears somewhat elongated, but is only marginally resolved in our map. The FWHM of the source is -25 x 20 arcsec 2 •
The results of our photometry are listed in Table 1 , together with the position offset at which the submillimetre peak was found. For completeness, we also list the 1.3-mm flux densities measured with the 30-m !RAM MRT (Launhardt et al., in preparation) . These values are taken from on-the-fly maps and are integrated over a 16.5-arcsec aperture at the position of the 8oo-!Lm peak. CB 52 has only an upper limit at 800 !Lm, so no attempt was made to observe it at other submillimetre wavelengths, and CB 58-2 was only detected at 800 !Lm. All other sources were detected at both 450 and 800 !Lm, and in addition three of the sources were observed at 350 and 1100 !Lm. The upper limits given in Table 1 are 30' values. The statistical errors of all other measurements are significantly smaller than the calibration errors.
DERIVED PROPERTIES
The submillimetre flux densities of Table 1 can be combined with the lRAS PSC flux densities, to derive the spectral energy distribution (SED) of each source. scale for the sake of comparison. In addition, we show greybody curves of the form
where B.(Td) is the blackbody function, Pc is the frequency at which the optical depth is 1, llt, is the beam solid angle, and {3 is the dust emissivity index. The solid curve on each plot is the best greybody fit to the 60-to 1300-fJ.m data, assuming that the source homogeneously fills the aperture of 16.5 arcsec. Since the Rayleigh -Jeans approximation does not hold well for these cold, sources at submillimetre wavelengths, no strong constraints can be made on the emissivity index {3. The data can be well fitted with any {3-value between 1.5 and 2. Thus we use {3 = 1.8 (after Ossenkopf & Henning 1994). The dust temperatures obtained from the fits are marked on the plots and range from 19 K (CB 243) to 30 K (CB 52) with an average value of 23 ::!:: 3 K. The calibration uncertainties lead to uncertainties in the derived dust temperatures of ::!::2 K. However, the lRAS beam at 60 and 100 fJ.m is larger than 16.5 arcsec and the source extension at these wavelengths is unknown. Hence, if 50 per cent of the far-infrared emission arose from material more extended than the 16.5-arcsec submillimetre beam, the derived effective dust Table 2 . Derived properties of the sources. The distance estimate is from Launhardt & Henning (1997) ; the submillimetre luminosity Lsubnnn is measured from 350 to 1300 /-Lm; the gas mass per beam is calculated in the manner described in the text, using the dust temperatures given in Fig. 2 temperatures would decrease by ~3 K for all sources. The optical depths at 800 fLm range from 3 x 10-4 to 7 X 10-3 , so the assumption of optically thin dust emission is valid. It can also be seen from Fig. 2 that all of the sources except CB 17 have excess emission above the prediction of a single-temperature greybody at the shorter lRAS wavelengths of 12 and 25 fLm, with some even showing an excess at 60 fLm. We interpret this as either a temperature gradient, since the cores are assumed to be internally heated, or small, non-transiently heated particles contributing to the mid-infrared fluxes. Although the simple, optically thin, isothermal, spherical source model cannot explain the emission shortwards of 60 fLm, the long-wavelength emission can be used to characterize the cool, dense cloud cores which contain the bulk of the mass. Table 2 lists the main properties of the globule cores which can be inferred from Table 1 and Fig. 2 , with the exception of CB 52, which was not detected in the submillimetre at the JCMT. The estimated distance to each source is listed in column 2 (taken from Launhardt & Henning 1997) . Column 3 lists the bolometric luminosity, Loolo of each source, calculated between 1 and 1300 fLm. The near-infrared photometry was taken from Launhardt (1996) . The near-infrared emission (1 to 7 fLm) generates 0 per cent (CB 17) to 11 per cent (CB 6) of the bolometric luminosities of the sources, and the contribution from shorter wavelengths can be neglected.
The total gas mass Mg per beam was derived from the submillimetre flux density at 800 fLm using the formula for optically thin dust emission:
where D is the distance to the source, Td is the dust temperature, Km (") is the dust opacity (mass absorption coefficient per gram of dust), and MgIMd is the gas-to-dust mass ratio. Following O~se~~ kopf & Henning (1994), we adopt (at 800 fLm) Km = 1.7 cm g and 11 = 1.8, which was calculated for protostellar cores with an average number density of n(R) ~ 10 5 cm -3 using coagulated dust grains with thin ice mantles. A standard gas-to-dust mass ratio of 150 was used, which is a combination of the ratio of hydrogen mass to dust mass of 110 (Draine & Lee 1984) and the inclusion of helium and heavier elements, which introduces an extra factor of 1.36. The temperatures derived from the greybody fits (Fig. 2) are used as mass-averaged dust temperatures.
Column 5 of Table 2 lists the total mass within the JCMT beam for each source, calculated from the 800-fLm flux density. The masses obtained in this way contain uncertainties of up to a factor of 2, owing to the imprecisely known value of the mass opacity Kmsee, for example, Agladze et al. (1994) for laboratory measurements of Kffi, and Henning, Michel & Stognienko (1995) or Gordon (1995) for a more complete discussion. The errors in the masses are thus dominated by uncertainties in Km' Since most of our sources are extended (Launhardt et al., in preparation) , the derived masses are lower limits. Columns 6 and 7 of Table 2 convert the masses into beam-averaged hydrogen column and volume densities. The volume densities are calculated under the assumption that the cores are spherical and match the beam size, and hence the local densities may exceed these values. Launhardt (1996) pointed out that CB 3 appears to be a different kind of object from the other cores, since it is the only one not in the local spiral arm, it appears to be a single source, and it contains water masers, which are usually indicative of high-mass star formation. It is therefore an exception, since all of the others appear to be forming low-mass stars, and so it will not be considered further here. The rest of the observed globule cores have masses in the range from 0.2 to 35 Mo and bolometric luminosities in the range from 1 to 400 Lo. Yun & Clemens (1994a) showed that CB 54 contains multiple near-infrared sources, and so is probably forming a small cluster. Alvez & Yun (1995) found that CB 34 is also forming a small cluster, and Launhardt (1996) showed that CB 58-2 appears to be forming a multiple system. Thus we see from Table 2 that the cores of highest mass and luminosity Mo, Loo[ ~100-400Lo) tend to form clusters. CB 230 contains a binary system (Yun 1996) , while CB 6, 243 and 244 are believed to be forming isolated YSOs. Hence we see that globule cores of lower mass and luminosity (Mg~0.2-2.5 Mo, Lool~1-12 Lo) tend to form single or binary systems. This is exactly as would be predicted by most models of star formation, with higher mass cores showing a greater tendency to fragmentation and multiple star formation (e.g. Turner et al. 1995) . The 4x,[IMg ratios for the cores lie in the range of 4 to 16 LolMo , with the cores forming multiple stars tending to occupy the higher end of this range.
We calculated the submillimetre luminosities, Lsubmm, by integrating under the greybody fits of Fig. 2 from 350 to 1300 fLm. The 40tlLsubmm ratio can be used to indicate the evolutionary stage of the protostellar cores, under the assumption that the beam covers the entire circumstellar material but no extended interstellar material. The Loo/Lsubmm ratios of the cores that seem to be forming single stars, CB 6, 243 and 244, are 75, 34 and 48 respectively. These values all lie well below 200, which is the threshold for Class 0 sources -proto stars which are believed to be in their main accretion phase (Andre et al. 1993 ). These objects are therefore candidate Class 0 protostars. However, for the more distant sources like CB 6, the assumption that all of the subrnillimetre flux density arises from circumstellar material may be invalid.
One other prerequisite for an object to be a Class 0 protostar is that it must already have formed a hydrostatic core at its centre, since pre-protostellar (or pre-stellar for brevity) cores also satisfy the 4x,/Lsubmm criterion (Ward-Thompson et al. 1994) . One indicator of such a core is a centimetre radio continuum source. CB 244 has a 3.6-cm radio source (Yun et al. 1996) which positionally coincides with the lRAS source and the submillimetre peak. From its radio continuum spectral index, CB 244 VLA 1 was shown to be embedded within CB 244 (Moreira et al. 1997 ). We here confirm it to be a Class 0 proto star, and the driving source of the bipolar outflow (Yun & Clemens 1994a) .
No molecular outflow has been detected in CO towards CB 6, but it has a cometary-shaped near-infrared nebula the origin of which lies at the submillimetre peak: position (Launhardt 1996) , indicating that this source already drives an outflow (cf. HH24MMS: Bontemps, Ward-Thompson & Andre 1996) . CB 243 has a stellar-like near-infrared source within its projected boundary (Launhardt 1996) , but this may be a background source, and no outflow has been detected so far. Hence the true classification of these two sources will have to await further data. The cores forming multiple stars cannot be easily classified, since individual objects, which are not spatially resolved, may be in different evolutionary stages, and interferometry will be required. However, the lack of radio continuum emission from CB 17 (Yun et al. 1996) and the absence of any near-infrared emission and outflow activity (Launhardt 1996) , together with our findings for its low Loo,ILsubrnm ratio, indicate that this is probably a pre-stellar core.
